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Abstract: Semantic cues in the Free and Cued Selective Reminding Test (FCRST) play a key role
in the neuropsychological diagnosis of Amnesic Mild Cognitive Impairment due to Alzheimer’s
Disease (MCI-AD); however, the neural bases of their impact of recall abilities are only partially
understood. Here, we thus decided to investigate the relationships between brain metabolism and
the FCSRT Index of Sensitivity of Cueing (ISC) in patients with MCI-AD and in healthy controls
(HC). Materials: Thirty MCI-AD patients (age: 74.7 & 5.7 years; education: 9.6 & 4.6 years, MMSE
score: 24.8 £ 3.3, 23 females) and seventeen HC (age: 66.5 & 11.1 years; education: 11.53 + 4.2 years,
MMSE score: 28.4 £ 1.14, 10 females) who underwent neuropsychological evaluation and brain
F-18 fluorodeoxyglucose Positron Emission Tomography (FDG-PET) were included in the study.
Results: ISC was able to differentiate HC from MCI-AD subjects as shown by a ROC analysis (AUC
of 0.978, effect size Hedges’s g = 2.89). MCI-AD subjects showed significant hypometabolism in
posterior cortices, including bilateral inferior Parietal Lobule and Precuneus and Middle Temporal
gyrus in the left hemisphere (VOI-1) compared to HC. ISC was positively correlated with brain
metabolism in a single cluster (VOI-2) spanning the left prefrontal cortex (superior frontal gyrus)
and anterior cingulate cortex (ACC) in the patient group (R? = 0.526, p < 0.001), but not in HC.
Mean uptake values of VOI-2 did not differ between HC and MCI-AD. The structural connectivity
analysis showed that VOI-2 is connected with the temporal pole, the cingulate gyrus and the posterior
temporal cortices in the left hemisphere. Conclusion: In MCI-AD, the relative preservation of frontal
cortex metabolic levels and their correlation with the ISC suggest that the left frontal cortices play
a significant role in maintaining a relatively good memory performance despite the presence of
posterior hypometabolism in MCI-AD.

Keywords: FCSRT; semantic cue; MCI-AD

1. Introduction

Formal assessment of memory is a key step to correctly identify subjects with Mild
Cognitive Impairment due to Alzheimer’s Disease (MCI-AD) [1] and to define subjects
with subjective memory complaints as well as to stratify asymptomatic subjects at risk for
AD [2]. While there are several useful tests to assess memory performance, the Free and
Cued Selective Reminding Test (FCSRT) is suggested to be one of the most sensitive tests to
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evaluate memory in AD by the International Working Group [3] and by the Joint Program
for the Neurodegenerative Working Group [4]. Indeed, the FCSRT has been shown to have
a greater accuracy than other tests to discriminate MCI-AD from other forms of MCI and
to predict the risk of conversion from MCI to AD dementia [5-7].

Even if the FCRST allows the computation of several indices of immediate and delayed
recall, it also makes it possible to evaluate the impact of semantic cues on recall. This easy-
to-compute score (i.e., the Index of Sensitivity of Cueing (ISC) is clinically relevant as the
presence of recall deficits with a limited effect of semantic cue is highly suggestive of a
hippocampal syndrome, which represents a typical presentation of typical AD [3,8-10].

Interestingly, the ISC is partially altered in the first clinical stage of AD and it declines
with the progression of the disease without suffering by the floor effect even at the moderate
stage of the disease [11]. Indeed, it is one of the best indexes to estimate the risk of
conversion from MCI to AD [5,7].

So far, the neural bases of ISC are only partially understood. Longitudinal MRI studies
in MCI-AD compared with healthy controls suggest that ISC is related to the loss of gray
and white matter in the frontal lobe. [6,12]. While these findings seem to be in line with
current models of memory [13] and with the psychometric features of ISC in the differential
diagnosis between AD and other neurodegenerative conditions, with an earlier and more
severe impairment of the frontal lobes [14,15], other functional imaging studies did not
show any association between ISC and frontal lobe functionality [16,17]. Whilst these
discrepancies may be due to differences in inclusion criteria, to the version of the FCSRT
used or to neuroimaging protocols, as well as to the lack of a proper control group of
healthy subjects, nevertheless it reduces our confidence in the understanding of the neural
bases of ISC and thus of its clinical strength.

In order to fill this gap, we decided to investigate the neural bases of ISC using a
newly validated, robust version of the FCSRT [18] and brain FDG-PET, focusing both on
well characterized MCI-AD subjects and matched healthy controls.

2. Materials and Methods
2.1. Patients

The study was conducted on thirty consecutive patients with MCI due to AD (MCI-
AD) (age: 74.7 £ 5.7 years; education: 9.6 & 4.6 years, MMSE score at the time of neuropsy-
chological evaluation: 24.8 £ 3.3, 23 females) enrolled in our memory clinic, who underwent
a complete diagnostic work-up according to current criteria [1]. This included general and
neurological examinations, standardized neuropsychological assessments, brain structural
imaging with Magnetic Resonance Imaging (MRI), brain FDG-PET, and, in selected pa-
tients, amyloid PET. The diagnosis of probable AD was confirmed by the conversion to
AD dementia at subsequent follow-up visits (mean conversion time: 21.0 & 9.5 months,
range: 6—42). For patients and controls (see below), MRI evidence of stroke or of an in-
tracranial space-occupying lesion were considered an exclusion criterion, while white
matter hyperintensities, leucoaraiosis, and lacunae did not constitute an exclusion criterion
if the Wahlund score was <3 in all regions [19]. Drugs known to interfere with brain
metabolism and perfusion were slowly tapered and withdrawn whenever possible before
the neuropsychological and FDG-PET examinations.

2.2. Controls

Controls (HC) were seventeen healthy volunteers (age: 66.5 &= 11.1 years; education:
11.53 £ 4.2 years, MMSE score at the time of neuropsychological evaluation: 28.4 + 1.14,
10 females) who gave their informed consent to participate in the study and who were
recruited during university courses dedicated to older adults. All controls were evaluated
with a general and a neurological examination as well as with the same standardized
neuropsychological test battery used for patients, with normal findings. The Clinical
Dementia Rating scale was 0 and the MMSE score was >26. HC subjects underwent brain
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FDG-PET scan, which was read as normal. After a mean follow-up time of 3 years, all were
confirmed to be in healthy condition.

2.3. Neuropsychological Evaluation

The study is focused on the word version of the FCSRT standardized for the Italian
population. The test evaluates free and cued immediate and delayed memory, as well as
recognition performance. Overall, the test defines the memory profile with a total of six
indexes, i.e., IFR (Immediate Free Recall), ITR (Immediate total Recall), ISC (Index of Cue
Sensitivity), R (Recognition), DFR (delayed free recall), and DTR (Delayed Total recall).

The FCSRT is part of the same neuropsychological battery administered to patients
and controls. This battery includes the Trail making test (TMT-A and B, with computation
of B-A score) to explore visuomotor abilities, divided attention, and attention shifting;
the Stroop color-word test for cognitive flexibility and executive functions; the symbol
digit test to assess executive functions and working memory; the Corsi’s block design to
investigate spatial memory; the digit span (forward) assessing auditory memory span; and
the Clock Completion test as a mixed measure of executive functions, visuospatial abilities,
and memory; the categorical and phonological verbal fluency test; the figure copying of
the mental deterioration battery (simple copy and copy with guiding landmarks) to assess
visuoconstructional abilities. References for tests and normative values are listed in a
previous paper [20].

2.4. FDG-PET Acquisition

FDG-PET was performed within two months from the baseline clinical-neuropsycholo-
gical examination. Subjects fasted for at least six hours. Before radiopharmaceutical injec-
tion, blood glucose was checked and was <140 mg/dL in all subjects. After a 10-min rest
in a silent and obscured room, with eyes open and ears unplugged, subjects were injected
with 185-300 MBq of '8F-FDG via a venous cannula, according to the first guidelines of
the European Association of Nuclear Medicine (EANM) [21]. They remained in the room
for 30 min after the injection and then moved to the PET room, where scanning started
approximately 45 min after the injection and lasted another 15 min. Emission scans were
acquired in 3-dimensional mode and corrected for attenuation based on CT scan. Images
were reconstructed using an ordered subset expectation maximization (OSEM) algorithm.

2.5. Image Analysis

FDG-PET data were subjected to affine and nonlinear spatial normalization into
the Talairach, and Tournoux’s space using SPM8 (Wellcome Department of Cognitive
Neurology, London, UK) implemented in Matlab 7.5 (Mathworks, Natick, MA, USA).
The normalized images were then smoothed with a 8 mm FWHM (Full Width at a Half
Maximum) isotropic Gaussian filter and then processed in SPM. In all the analyses, the
standard 0.8 gray matter threshold masking as well as the default value of 50 for the grand
mean scaling were used. All the default choices of SPM8 were followed with one main
exception. To avoid inconsistencies deriving from the use of the default SPM brain H,O
template [22], PET scans were normalized using a customized brain FDG PET template, as
detailed elsewhere [23].

2.6. Statistical Analysis

The main demographic and neuropsychological data were analyzed by SPSS 22.0.
Neuropsychological test scores were compared between HC and MCI-AD with the t-tests.
Moreover, we computed the area under the Receiver Operating Characteristic (ROC) curve
(AUC) for each index of the FCSRT.

To evaluate the magnitude of the differences in the indices of the FCSRT between the
two groups, the effect size was calculated using Hedges’s g statistic [24]. According to
Cohen, an effect size higher than 0.5 was regarded as medium, and an effect size higher
than 0.8 was regarded as large [25].
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FDG-PET comparison (unpaired t-test) was performed between HC and patients;
moreover, a voxel-wise correlation was run between PET brain metabolism and ISC, both
in the HC group and in MCI-AD, with age as a nuisance variable.

We set a height threshold of p < 0.001, uncorrected for multiple comparisons at peak
level. We considered as significant only clusters containing at least 50 voxels. According
to the SPM t-Map showing the statistically significant clusters, we only considered as
significant those clusters with a p-value adjusted for search volumes which were statistically
significant with p < 0.05, family-wise corrected (FWE) for multiple comparisons at cluster
level. The mean uptake values of the four significantly hypometabolic clusters obtained in
the comparison between MCI-AD and HC (VOI-1) were averaged and then normalized on
whole brain counts in each subject using MarsBar software (http:/marsbar.sourceforge.net,
release 0.44, 17 March 2016). The same procedure was adopted for the cluster identified as
significantly correlated between ISC and brain metabolism in MCI-AD patients (VOI-2)
(see the results below). These two VOI values were compared between MCI-AD patients
and HC by means of the ¢-test.

2.7. Structural Connectivity

To evaluate the structural connectivity of the VOI-2 in the patient group, we applied
the BCB toolkit [26,27] using as tractography seed the results of the voxel wise analysis of
the MCI-AD FDG images.

This tool is based on an already available average atlas of white matter (WM) bun-
dles distribution obtained in 35 healthy controls and uses tractography data to map the
structural connectivity pattern of user-defined regions. Published data on age effects are
available and show the very high anatomical spatial macrostructural similarity between
decades [26,27].

3. Results
3.1. Demographics and Neuropsychological Tests

Demographic and neuropsychological variables for the MCI-AD and HC groups are
reported in Tables 1 and 2. Age significantly differed between groups, while education did
not (Table 1). Overall MCI-AD performed significantly worse than HC in all neuropsy-
chological tests (Table 1). Concerning the FCSRT, all indexes reached a p < 0.001 level of
statistical significance (Table 2) and the effect size was higher than 0.8 for all metrics.

The ROC analysis showed an AUC greater than 0.95 for all FCSRT indexes except for
the recognition index (0.888). The effect size computed using Hedges's g statistic exceeded
the value of 0.8 for all the FCSRT indexes (see Table 2).

Table 1. Demographic and neuropsychological test values in healthy controls (HC) and in patients
with MCI-AD.

(I:/[Ceg:()i. 15;71)) M((:;/ii:i (:tNS(:i')SO) t-Test Values p-Values
Age (y) 66.5 £ 11.1 747 £5.7 —2.841 0.010
Education (y) 115+42 9.6 £4.6 1.455 0.154
Gender M/F 7/10 7/23 / /
MMSE 284 +1.14 248 +£3.3 4.232 0.001
Tmt A 55.9 + 34.6 87.2 £43.5 —2.702 0.010
Tmt B 108.8 £93.9 232.7+£129.4 -* -
Symbol Digit 37.8 £16.0 20.6 + 8.2 4.136 0.001
Stroop C 42.0 £109 31.5+10.3 3.222 0.003
Stroop CW 194 £9.7 104 £53 3.533 0.002
Digit span 6.1 £0.8 56 £09 1.934 0.171



http:/marsbar.sourceforge.net

Diagnostics 2021, 11, 108

50f11

Table 1. Cont.

(HNESI\II(;' 15"71)) Mi{;:i (iNs(:i.)SO) t-Test Values p-Values
Corsi 48 +1.1 39+07 1.433 0.061
Babcock test 13.6 £3.9 46124 8.532 0.001
CDT 139+ 1.6 112 +44 3.107 0.003
cr 101+£1.3 8.6 £2.0 2.936 0.005
CPE 68.2 +2.2 64.6 5.8 3.042 0.004
FVF 36.24+9.7 25.0+£9.1 3.832 0.001
SVF 4294+ 13.3 25.8 £8.1 4.818 0.001
GDS 34+31 46 +37 —1.207 ns.
ADL 6.0£0 5.8 £0.57 1.278 ns.
IADL 8.0£0 6.7£15 4.306 0.001
CDR 0£0 03+£0.2 —-7.077 0.001

HC = Controls; MCI-AD = MCI due to Alzheimer’s Disease; TMT-A, TMT-B =Trail Making Test A and B;
Stroop C= Stroop Color; Stroop C-W = Stroop Color; CDT = Clock Drawing Test; CP = Constructional Praxis;
CPE = Constructional Praxis with Elements; FVF = Fonemic verbal fluency; SVF = Semantic verbal fluency;
GDS = Geriatric Depression Scale; ADL Activities of Daily Living; IADL = Instrumental Activity of Daily Living;
CDR = Clinical Dementia Rating Scale, ns. = not significant. * TMT-B was not evaluated because the test was
discontinued in ten patients out of thirty.

Table 2. Values of Free and cued selective reminding test indexes (mean =+ sd) in HC and in patients with MCI-AD.

FCSRT HC (No.17) MCI-AD (No. 30) t-Test Value p Value Effect Size AUC
FCSRT-IFR 25072 9.1+6.0 7.731 0.001 1.528 0.951
FCSRT-ITR 46.1+£22 26.1 £10.5 10.024 0.001 2.344 0.988
FCSRT-ISC 0.93 + 0.08 0.45+£0.22 10.764 0.001 2.899 0.978
FCSRT-RP 159 £03 134 £ 25 5.199 0.001 1.244 0.878
FCSRT-DFR 111+ 2.6 27 +32 9.818 0.001 2.799 0.959

FCSRT-TDR 15.6 + 0.63 85+44 0.662 0.001 1.376 0.972

FCSRT = Free and Cue selective Reminding Test; -IFR = Immediate free recall; ITR = Immediate total recall; ISC = Index of sensitive of
cueing; RP = Recognition Phase; DFR = Delayed Free Recall; TDR = Total Delayed Recall; AUC = area under the curve.

3.2. FDG-PET

As expected, MCI-AD patients showed reduced metabolism in several posterior
regions compared with HC, including the bilateral inferior Parietal Lobule and Precuneus
and Middle Temporal gyrus in the left hemisphere (VOI-1) (Figure 1, Table 3). The ISC
positively correlated with brain metabolism in a single cluster (VOI-2) spanning the left
prefrontal cortex (superior frontal gyrus) and anterior cingulate cortex (ACC) only in the
patient group (R? = 0.526, p < 0.001) (Figure 2, Table 3), while there was no significant
correlation in HC. The mean uptake of the VOI-1 obtained by the comparison between
MCI-AD and HC significantly differs at the t-test (t-test p < 0.001) (Figure 1), while the
mean uptake values of VOI-2 that correlated with ISC did not differ between HC and
MCI-AD (t-test p > 0.05) (Figure 3).

3.3. Structural Connectivity

The structural connectivity of the VOI-2 is reported in Figure 4, showing the white
matter tracts connecting it with the temporal pole (through the uncinate fasciculus), the
cingulate gyrus (through the cingulate bundle) and the posterior temporal cortices in the
left hemisphere.
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Figure 1. Comparison of brain metabolism between HC and MCI-AD. Significant differences were found with the bilateral
inferior parietal lobule, left precuneus and left middle temporal gyrus. Box plot shows the mean uptake values of VOI-1

with a confidence interval (CI) of 95%.

904

80~

75+

Mean uptake of VOI-2

65+

0.00 0.20

0.40
ISC

0.60

0.80 1.00

Figure 2. Correlation between Index of Sensitivity of Cueing (ISC) and brain metabolism in MCI-AD. Direct correlation was
found in the anterior cingulate and superior frontal gyrus (left). Scatterplot of the correlation between VOI-2 metabolism
and ISC in MCI-AD. Scatter plot (right) shows the correlation between mean uptake values (CI 95%) of the VOI-2 and ISC
values. The ISC and relative metabolic values in the left frontal area/ACC are highly correlated (R? = 0.526, p < 0.001).

Table 3. SPM results of comparison (height threshold: uncorrected p < 0.001) between 17 HC and 30 patients with MCI-AD
and of correlation between Index of Sensitivity of Cueing (ISC) and brain metabolism in 30 MCI-AD patients.

Cluster Level

Voxel Level

Statistic Cluster FWE-Corr. Cortical Z Score of Talairach Cortical Region BA
Extent p Value Region Maximum  Coordinates 8

2191 0.000 L Parietal 5.47 —48, —68,52  Inf. Parietal Lobule 39

Comparison: Brain 2189 0.000 R Parietal 5.05 48, —54,44 Inf. Parietal Lobule 40
metabolism HC vs. MCI-AD 1458 0.000 L Parietal 4.85 —12, —46, 38 Precuneus 31
1295 0.001 L Temporal 4.22 —72,—-26,4 Middle Temp gy. 21

Correlation: Index of 2481 0.002 L Frontal 4.96 —14,44,0 Anterior Cingulate 32

Sensitivity of Cueing (ISC)- L Frontal 4.45 —22,44,28 Sup. Front. Gy. 9
brain metabolism in MCI-AD L Frontal 4.38 —18,52,18 Sup. Front. Gy. 10

FWE = Family Wise Error; Brodmann Area = BA.
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Figure 3. VOI-2 metabolism in HC and MCI-AD. Box plot shows the mean uptake values (CI 95%)
of the VOI-2 correlated with ISC. Values of the mean uptake of the VOI-2 do not significantly differ
between HC and MCI-AD (t-test p > 0.05).

Figure 4. Structural connectivity of theVOI-2. The VOI-2 is connected with the temporal pole (via the uncinated fasciculus),

the cingulate gyrus (via the cingulate bundle) and the posterior temporal cortices in the left hemisphere.

4. Discussion

In this work, we evaluated the neural bases of ISC using a newly validated, robust
version of the FCSRT together with FDG-PET imaging, focusing on a group of well charac-
terized MCI-AD subjects.

We found a positive correlation of ISC with brain metabolism in the VOI-2 that includes
the anterior cingulate and the superior frontal gyrus in the left hemisphere in MCI-AD
patients. Moreover, using connectivity analyses, we showed that VOI-2 is structurally
connected to the temporal pole, the posterior cingulate and the posterior temporal cortices
in the left hemisphere, thus presenting rich connections with posterior and anterior cortices
involved in memory networks.

The FCSRT evaluates the contribution of frontal areas in memory performance, sup-
porting the retrieval by semantic cue. In healthy subjects, activation of frontal and polar
temporal areas in the left hemisphere sustains encoding and recall [28,29]. Moreover, the
involvement of frontal cortices in memory performance is also supported by subjects with
focal frontal damage in which semantic cues have been shown to dampen the impact of
structural damage on memory abilities. The ISC (i.e., the FCSRT index focusing on the
impact of semantic cues on memory) seems to be useful to differentiate AD from other neu-
rodegenerative conditions in which memory deficit derives mainly from a malfunctioning
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of encoding/retrieval strategies (often due to frontal lobe dysfunction) rather than from the
reduction in memory trace consolidation [27]. In line with this hypothesis, semantic cues
provide more benefits in recall performance in conditions with early frontal damage and
relatively preserved mesio-temporal functioning such as fronto-temporal dementia [14,15],
rather than AD. In keeping with this interpretation are other longitudinal FCSRT imaging
studies showing that ISC values are relatively preserved at the early stage of AD while they
decline in subjects with frank dementia, i.e., a stage characterized by significant frontal, as
well as temporal atrophy [6,12].

The structural connectivity of VOI-2 could explain the differences observed between
the results reported in our study and those reported in the literature here below. Indeed, two
FDG-PET studies [16,17] did not find a close relationship between frontal metabolic levels
and ISC performances, pointing instead to correlation with metabolism in more posterior
regions. In the first study, based on the pictorial version of the FCSRT in subjects with MCI,
the ISC was reported to correlate with the left posterior cingulate cortex metabolism [16].
Interestingly, the authors pointed out that this area is a hub of a more extensive network
devoted to memory functions that also includes frontal regions [16], in keeping with
Cabeza et al. (2008) [30]. However, MCI patients were not specified to be precisely MCI
due to AD patients, thus likely including different etiologies. In the second study based
on the Memento cohort, ISC performance was bilaterally associated with temporal and
posterior cortex metabolism [17], while the frontal cortex metabolism correlated only with
free recall performance. However, a rather heterogeneous group of subjects with subjective
memory complaints, amnesic or non-amnesic single or multiple domain MCI was included.

Other relevant sources of inhomogeneity between those studies and ours are the use
of different versions of the FCSRT, the choice of the PET template used for the normaliza-
tion [16] and our use of an unbiased, whole brain voxelwise approach—ROI [17]. The use
of pictures instead of words as stimuli in memory tasks may have determined some of
the observed differences. Indeed, as revealed by a recent study, subjects with posterior
lesions in the lateral ventral parietal cortex show a deficit in cued retrieval that is greater
for sound—picture association than for word-word pairs [31]. Hence, we can speculate
that the FCSRT picture version could be more sensitive to detect the impairment of the
posterior network of memory than the FCSRT word version used in this study. Regarding
the differences in statistical analysis, the use of a standardized brain parcellation, compared
to a voxel-wise approach, does not make it possible to probe the contribution of smaller
regions to a given function due to the presence of functionally distinct regions in the
same anatomical regions of interest [32]. Indeed, VOI-2 includes some close but distinct
anatomo-functional areas, namely the ACC and the superior frontal gyrus (BA 9 and BA 10)
that cannot be meaningfully assimilated in an a priori cluster.

As a second result, we found that the metabolic levels of VOI-2 correlated with the ISC
in patients but not in HC. Interestingly, VOI-2 FDG uptake did not significantly differ the
two groups while the values of ISC were significantly lower in patients compared with HC.

The relatively preserved brain metabolism of frontal cortices in MCI-AD could play a
crucial role in recall facilitation by semantic cues even in subjects with posterior cortices
damage. Indeed, according to recent literature, the ACC, the BA 10, and the BA 9 all
play key roles in memory functions. The ACC, for example, underpins encoding and
associative processes trough synergistic control on the hippocampus and on the fusiform
gyrus [33], while BA10 sustains recall processes [34]. The third area of VOI-2 is BA9,
whose activation sustains semantic categorization tasks, according to a fMRI study [29].
Considered together, these data suggest that the areas within VOI-2 may play a key
role in sustaining memory through several networks that make up for the hippocampus
and posterior cortices degeneration. This hypothesis should be further explored using a
longitudinal paradigm, as it is well known that in MCI patients, hypometabolism is found
earlier in posterior regions rather than in medial temporal lobe and frontal cortices [35,36].

Finally, the mean value of ISC was significantly lower in MCI-AD than in HC, with
a high effect size. This observation is in line with the memory profile identified by the
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FSRT for the early distinguishing of subjects at risk of developing AD, as described by the
International Working Group-2 [3]. Indeed, ISC has been considered the most sensitive
index to define the different stages of AD, because it progressively declines together with
the severity of the disease [11]. In addition, in other studies, the ISC has been revealed to
be a good index to predict the conversion from MCI to AD dementia, with a cut-off value
of 0.71 indicating a tenfold higher risk of conversion to AD dementia [5].

In conclusion, we explored the neural basis of ISC in MCI-AD. We found a relative
preservation of frontal cortex metabolic levels and their correlation with the ISC, suggesting
that the left frontal cortices might play a compensatory role despite the presence of posterior
hypometabolism in MCI-AD patients.

Author Contributions: Conceptualization, Methodology, Software, Validation, Formal Analysis,
Investigation, Data Curation, Writing—Original Draft Preparation, Writing—Review and Editing,
Visualization, Project administration, A.B.; Conceptualization, Methodology, Writing—Review and
Editing, Supervision, N.G.; Investigation, Data curation, E.D.; Investigation, B.O.; Investigation,
FM.; Investigation, M.I.D., Investigation, M.B.; Investigation, Writing—Review and Editing, S.M.;
Investigation, Writing—Review and Editing, D.A.; Conceptualization, Data Curation, Writing—
Review and Editing, Visualization, Supervision, Funding Acquisition, FN.; Conceptualization,
Methodology, Software, Validation, Formal Analysis, Investigation, Data curation, Writing—Original
Draft Preparation, Writing—Review and Editing, M.P. All authors have contributed substantially to
the work reported. All authors have read and agreed to the published version of the manuscript.

Funding: This study has been partially funded by “Fondi per la Ricerca Corrente 2019” of IRCCS
Hospital Policlinico San Martino, Genoa, Italy.

Institutional Review Board Statement: All subjects signed an approved institutional informed
consent to allow the use of their clinical data for research (approved by the review board of IRCCS
Hospital Policlinico San Martino, Genoa, Italy. Code: CONSAZHQ 001, last update 13/4/2018).

Informed Consent Statement: All subjects signed an informed consent in accordance with the
Declaration of Helsinki.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author in anonymized form. The data are not publicly available due to lack of consent
to public dissemination by the enrolled patients.

Acknowledgments: This work was developed within the framework of the DINOGMI Department
of Excellence of MIUR 2018-2022 (legge 232 del 2016). This research did not receive any specific grant
from funding agencies in the public, commercial, or not-for-profit sectors.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Albert, M.S.; DeKosky, S.T.; Dickson, D.; Dubois, B.; Feldman, H.H.; Fox, N.C.; Gamst, A.; Holtzman, D.M.; Jagust, W.].; Petersen,
R.C; et al. The Diagnosis of Mild Cognitive Impairment due to Alzheimer’s Disease: Recommendations from the National
Institute on Aging-Alzheimer’s Association Workgroups on Diagnostic Guidelines for Alzheimer’s Disease. Alzheimer’s Dement.
2011, 7, 270-279. [CrossRef] [PubMed]

Grober, E.; Veroff, A E.; Lipton, R.B. Temporal unfolding of declining episodic memory on the Free and Cued Selective Reminding
Test in the predementia phase of Alzheimer’s disease: Implications for clinical trials. Alzheimer’s Dement. 2018, 10, 161-171.
[CrossRef]

Dubois, B.; Feldman, H.H.; Jacova, C.; Hampel, H.; Molinuevo, J.L.; Blennow, K. Advancing research diagnostic criteria for
Alzheimer’s disease: The IWG-2 criteria. Lancet Neurol. 2014, 13, 614-629. [CrossRef]

Costa, A.; Bak, T.; Caffarra, P; Caltagirone, C.; Ceccaldi, M.; Collette, E.; Crutch, S.J.; Della Sala, S.; Démonet, J.-F; Dubois, B.;
et al. The need for harmonisation and innovation of neuropsychological assessment in neurodegenerative dementias in Europe:
Consensus document of the Joint Program for Neurodegenerative Diseases Working Group. Alzheimer’s Res. Ther. 2017, 9, 1-15.
[CrossRef] [PubMed]

Sarazin, M.; Berr, C.; De Rotrou, J.; Fabrigoule, C.; Pasquier, E; Legrain, S.; Michel, B.; Puel, M.; Volteau, M.; Touchon, J.; et al.
Amnestic syndrome of the medial temporal type identifies prodromal AD: A longitudinal study. Neurology 2007, 69, 1859-1867.
[CrossRef]


http://doi.org/10.1016/j.jalz.2011.03.008
http://www.ncbi.nlm.nih.gov/pubmed/21514249
http://doi.org/10.1016/j.dadm.2017.12.004
http://doi.org/10.1016/S1474-4422(14)70090-0
http://doi.org/10.1186/s13195-017-0254-x
http://www.ncbi.nlm.nih.gov/pubmed/28412978
http://doi.org/10.1212/01.wnl.0000279336.36610.f7

Diagnostics 2021, 11, 108 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.
24.
25.
26.

27.

28.

29.

30.

31.

Carlesimo, G.A.; Monaco, M.; Fadda, L.; Serra, L.; Marra, C.; Caltagirone, C.; Bruni, A.C.; Curcio, S.; Bozzali, M.; Carlesimo, G.A.
Influence of controlled encoding and retrieval facilitation on memory performance in patients with different profiles of mild
cognitive impairment. J. Neurol. 2015, 262, 938-948. [CrossRef]

Grande, G.; Vanacore, N.; Vetrano, D.L.; Priori, A.; Rizzuto, D.; Mayer, F.; Maggiore, L.; Ghiretti, R.; Cucumo, V.; Mariani, C.; et al.
Free and cued selective reminding test predicts progression to Alzheimer’s disease in people with mild cognitive impairment.
Neurol. Sci. 2018, 39, 1867-1875. [CrossRef]

Dubois, B.; Albert, M.L. Amnestic MCI or prodromal Alzheimer’s disease? Lancet Neurol. 2004, 3, 246-248. [CrossRef]

Dubois, B.; Feldman, H.H.; Jacova, C.; Dekosky, S.T.; Barberger-Gateau, P.; Cummings, ]. Research criteria for the diagnosis of
Alzheimer’s disease: Revising the NINCDS-ADRDA criteria. Lancet Neurol. 2007, 6, 734-746. [CrossRef]

Dubois, B.; Feldman, H.H.; Jacova, C.; Cummings, J.L.; Dekosky, S.T.; Barberger-Gateau, P. Revising the definition of Alzheimer’s
disease: A new lexicon. Lancet Neurol. 2010, 9, 1118-1127. [CrossRef]

Tounsi, H.; Deweer, B.; Ergis, A.-M.; Van Der Linden, M.; Pillon, B.; Michon, A.; Dubois, B. Sensitivity to Semantic Cuing: An
Index of Episodic Memory Dysfunction in Early Alzheimer Disease. Alzheimer Dis. Assoc. Disord. 1999, 13, 38—46. [CrossRef]
[PubMed]

Koric, L.; Ranjeva, J.-P; Felician, O.; Guye, M.; De Anna, F,; Soulier, E.; Didic, M.; Ceccaldi, M. Cued Recall Measure Predicts the
Progression of Gray Matter Atrophy in Patients with Amnesic Mild Cognitive Impairment. Dement. Geriatr. Cogn. Disord. 2013,
36, 197-210. [CrossRef] [PubMed]

Teichmann, M.; Epelbaum, S.; Samri, D.; Levy Nogueira, M.; Michon, A.; Hampel, H. Free and Cued Selective Reminding
Test-accuracy for the differential diagnosis of Alzheimer’s and neurodegenerative diseases: A large-scale biomarker-characterized
monocenter cohort study (ClinAD). Alzheimer’s Dement. 2017, 13, 913-923. [CrossRef] [PubMed]

Pasquier, E; Grymonprez, L.; Lebert, F.; Van der Linden, M. Memory impairment differs in frontotemporal dementia and
Alzheimer’s disease. Neurocase 2001, 7, 161-171. [CrossRef] [PubMed]

Lemos, R.; Duro, D.; Simoes, M.R.; Santana, I. The free and cued selective reminding test distinguishes frontotemporal dementia
from Alzheimer’s disease. Arch. Clin. Neuropsychol. 2014, 29, 670-679. [CrossRef]

Caffarra, P.; Ghetti, C.; Ruffini, L.; Spallazzi, M.; Spotti, A.; Barocco, F.; Guzzo, C.; Marchi, M.; Gardini, S. Brain Metabolism
Correlates of The Free and Cued Selective Reminding Test in Mild Cognitive Impairment. J. Alzheimer’s Dis. 2016, 51, 27-31.
[CrossRef]

Epelbaum, S.; Bouteloup, V.; Mangin, J.F.; La Corte, V.; Migliaccio, R.; Bertin, H.; Habert, M.O.; Fischer, C.; Azouani, C.; Fillon, L.;
et al. Neural correlates of episodic memory in the Memento cohort. Alzheimer’s Dementia Transl. Res. Clin. Interv. 2018, 4, 224-233.
[CrossRef]

Girtler, N.; De Carli, F;; Amore, M.; Arnaldi, D.; Bosia, L.E.; Bruzzaniti, C.; Cappa, S.F.; Cocito, L.; Colazzo, G.; Ghio, L.; et al. A
normative study of the Italian printed word version of the free and cued selective reminding test. Neurol. Sci. 2015, 36, 1127-1134.
[CrossRef]

Wahlund, L.-O.; Barkhof, F; Fazekas, F.; Bronge, L.; Augustin, M.; Sjogren, M.; Wallin, A.; Ader, H.; Leys, D.; Pantoni, L.; et al. A
New Rating Scale for Age-Related White Matter Changes Applicable to MRI and CT. Stroke 2001, 32, 1318-1322. [CrossRef]
Nobili, F.; Mazzei, D.; Dessi, B.; Morbelli, S.; Brugnolo, A.; Barbieri, P.; Girtler, N.; Sambuceti, G.; Rodriguez, G.; Pagani, M.
Unawareness of Memory Deficit in Amnestic MCI: FDG-PET Findings. |. Alzheimer’s Dis. 2010, 22, 993-1003. [CrossRef]
Varrone, A.; Asenbaum, S.; Borght, T.V.; Booij, J.; Nobili, F.; Nagren, K.; Darcourt, J.; Kapucu, O.L.; Tatsch, K_; Bartenstein, P;
et al. EANM procedure guidelines for PET brain imaging using [18F]FDG, version 2. Eur. |. Nucl. Med. Mol. Imaging 2009, 36,
2103-2110. [CrossRef] [PubMed]

Gispert, J.D.; Pascau, J.; Reig, S.; Martinez-Lazaro, R.; Molina, V.; Garcia-Barreno, P.; Desco, M. Influence of the normalization
template on the outcome of statistical parametric mapping of PET scans. Neurolmage 2003, 19, 601-612. [CrossRef]

Della Rosa, P.A.; Cerami, C.; Gallivanone, F; Prestia, A.; Caroli, A.; Castiglioni, I. A standardized [18F]-FDG-PET template for
spatial normalization in statistical parametric mapping of dementia. Neuroinformatics 2014, 12, 575-593. [CrossRef] [PubMed]
Hedges, L.V. Theory for Glass’s Estimator of Effect Size and Related Estimators. J. Educ. Stat. 1981, 6, 107-128. [CrossRef]
Choen, ]. Statistica Power Analysis for the Behavioral Sciences; Lawrence Erlbaum Associates: Mahwah, NJ, USA, 1988.

Foulon, C.; Cerliani, L.; Kinkingnéhun, S.; Levy, R.; Rosso, C.; Urbanski, M.; Volle, E.; De Schotten, M.T. Advanced lesion
symptom mapping analyses and implementation as BCBtoolkit. GigaScience 2018, 7, 1-17. [CrossRef]

Rojkova, K.; Volle, E.; Urbanski, M.; Humbert, F,; Dell’Acqua, F; De Schotten, M.T. Atlasing the frontal lobe connections and their
variability due to age and education: A spherical deconvolution tractography study. Brain Struct. Funct. 2016, 221, 1751-1766.
[CrossRef]

Wagner, A.D.; Schacter, D.L.; Rotte, M.; Koutstaal, W.; Maril, A.; Dale, A.M.; Rosen, B.R.; Buckner, R.L. Building Memories:
Remembering and Forgetting of Verbal Experiences as Predicted by Brain Activity. Science 1998, 281, 1188-1191. [CrossRef]
Hugdahl, K; Lundervold, A.; Ersland, L.; Smievoll, A.L; Sundberg, H.; Barndon, R. Left frontal activation during a semantic
categorization task: An fMRI-study. Int. . Neurosci. 1999, 99, 49-58.

Cabeza, R.; Ciaramelli, E.; Olson, L.R.; Moscovitch, M. The parietal cortex and episodic memory: An attentional account. Nat. Rev.
Neurosci. 2008, 9, 613-625. [CrossRef]

Ben-Zvi, S.; Soroker, N.; Levy, D.A. Parietal lesion effects on cued recall following pair associate learning. Neuropsychologia 2015,
73,176-194.


http://doi.org/10.1007/s00415-015-7662-2
http://doi.org/10.1007/s10072-018-3507-y
http://doi.org/10.1016/S1474-4422(04)00710-0
http://doi.org/10.1016/S1474-4422(07)70178-3
http://doi.org/10.1016/S1474-4422(10)70223-4
http://doi.org/10.1097/00002093-199903000-00006
http://www.ncbi.nlm.nih.gov/pubmed/10192641
http://doi.org/10.1159/000351667
http://www.ncbi.nlm.nih.gov/pubmed/23899504
http://doi.org/10.1016/j.jalz.2016.12.014
http://www.ncbi.nlm.nih.gov/pubmed/28222300
http://doi.org/10.1093/neucas/7.2.161
http://www.ncbi.nlm.nih.gov/pubmed/11320163
http://doi.org/10.1093/arclin/acu031
http://doi.org/10.3233/JAD-150418
http://doi.org/10.1016/j.trci.2018.03.010
http://doi.org/10.1007/s10072-015-2237-7
http://doi.org/10.1161/01.STR.32.6.1318
http://doi.org/10.3233/JAD-2010-100423
http://doi.org/10.1007/s00259-009-1264-0
http://www.ncbi.nlm.nih.gov/pubmed/19838705
http://doi.org/10.1016/S1053-8119(03)00072-7
http://doi.org/10.1007/s12021-014-9235-4
http://www.ncbi.nlm.nih.gov/pubmed/24952892
http://doi.org/10.3102/10769986006002107
http://doi.org/10.1093/gigascience/giy004
http://doi.org/10.1007/s00429-015-1001-3
http://doi.org/10.1126/science.281.5380.1188
http://doi.org/10.1038/nrn2459

Diagnostics 2021, 11, 108 11 of 11

32.

33.

34.

35.

36.

Rajtmajer, S.M.; Roy, A.; Albert, R.; Molenaar, P.C.; Hillary, EG. A voxelwise approach to determine consensus regions-of-interest
for the study of brain network plasticity. Front. Neuroanat. 2015, 9, 97. [CrossRef] [PubMed]

Woodcock, E.A.; White, R.; Diwadkar, V.A. The dorsal prefrontal and dorsal anterior cingulate cortices exert complementary
network signatures during encoding and retrieval in associative memory. Behav. Brain Res. 2015, 290, 152-160. [CrossRef]
Gilbert, S.J.; Spengler, S.; Simons, ].S.; Steele, J.D.; Lawrie, S.M.; Frith, C.D.; Burgess, PW. Functional Specialization within Rostral
Prefrontal Cortex (Area 10): A Meta-analysis. ]. Cogn. Neurosci. 2006, 18, 932-948. [CrossRef] [PubMed]

Minoshima, S.; Giordani, B.; Berent, S.; Frey, K.A.; Foster, N.L.; Kuhl, D.E. Metabolic reduction in the posterior cingulate cortex in
very early Alzheimer’s disease. Ann. Neurol. 1997, 42, 85-94. [CrossRef] [PubMed]

Morbelli, S.; Piccardo, A.; Villavecchia, G.; Dessi, B.; Brugnolo, A.; Piccini, A.; Caroli, A.; Frisoni, G.; Rodriguez, G.; Nobili, F.
Mapping brain morphological and functional conversion patterns in amnestic MCI: A voxel-based MRI and FDG-PET study. Eur.
J. Nucl. Med. Mol. Imaging 2009, 37, 36—45. [CrossRef] [PubMed]


http://doi.org/10.3389/fnana.2015.00097
http://www.ncbi.nlm.nih.gov/pubmed/26283928
http://doi.org/10.1016/j.bbr.2015.04.050
http://doi.org/10.1162/jocn.2006.18.6.932
http://www.ncbi.nlm.nih.gov/pubmed/16839301
http://doi.org/10.1002/ana.410420114
http://www.ncbi.nlm.nih.gov/pubmed/9225689
http://doi.org/10.1007/s00259-009-1218-6
http://www.ncbi.nlm.nih.gov/pubmed/19662411

	Introduction 
	Materials and Methods 
	Patients 
	Controls 
	Neuropsychological Evaluation 
	FDG-PET Acquisition 
	Image Analysis 
	Statistical Analysis 
	Structural Connectivity 

	Results 
	Demographics and Neuropsychological Tests 
	FDG-PET 
	Structural Connectivity 

	Discussion 
	References

